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BROADBAND PLANAR INVERTED F ANTENNA 

Background of the Invention 
The present invention relates generally to antennas and more particularly to a 
broader bandwidth isotropic planar inverted F antenna. 

Planar inverted F antennas (PIFAs) are used in wireless communications, e.g., 
cellular telephones, wireless personal digital assistants (PDAs), wireless local area 
networks (LANs) - Bluetooth, etc. The PIFA generally includes a planar radiating 
element having a first area, and a ground plane having a second area that is parallel to the 
radiating element first area. An electrically conductive first line is coupled to the 
radiating element at a first contact located at an edge on a side of the radiating element. 
The first hne is also coupled to the ground plane. An electrically conductive second line 
is coupled to the radiating element along the same side as the first line, but at a different 
contact location on the edge than the first line. The first and second Hnes are adapted to 
couple to a desired impedance, e.g., 50 ohms, at firequencies of operation of the PIFA. In 
the PIFA, the first and second Hnes are perpendicular to the edge of the radiating element 
to which they are coupled, thereby forming an inverted F shape (thus the descriptive 
name of planar inverted F antenna). 

The resonance firequency of the PIFA is determined, generally, by the area of the 
radiating element and to a lesser extent the distance between the radiating element and 
the ground plane (thickness of the PIFA assembly). The bandwidth of the PIFA is 
generally determined by thickness of the PIFA assembly and the electrical coupling 
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between the radiating element and the ground plane. A significant problem in designing 
a practical PIFA application is the trade off between obtaining a desired operating 
bandwidth and reducing the PIFA volume (area x thickness). Furthermore, it is 
preferably that a larger ground plane area (shield) helps in reducing radio frequency 
energy that may enter into a user's head (SAR value = specific absorption rate), e.g., from 
a mobile cellular telephone. However, the volume of the PIFA increases with a larger 
ground plane area unless the thickness (distance between the radiating element and 
ground plane areas) is reduced. 
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As the number of wireless communications apphcations increase and the physical 


[11 size of wireless devices decrease, antennas for these applications and devices are needed. 

'4} Prior known planar inverted F antennas have sacrificed bandwidth by requiring a 

M reduction in the volume (thickness) of the PIFA for a given wireless appUcation. 


Therefore, there is a need for improving the bandwidth of a PIFA without having 
to increase the volume (thickness) thereof 

Summary of the Invention 
The present invention overcomes the above-identified problems as well as other 
shortcomings and deficiencies of existing technologies by providing an apparatus, system 
and method for increasing the useable bandwidth of a PIFA without having to increase 
the volume (thickness) thereof 
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According to an exemplary embodiment of the invention, a mono-band PIFA 
structure includes a planar radiating element having a first area, and a ground plane 
having a second area that is substantially parallel to the radiating element first area. An 
electrically conductive first line is coupled to the radiating element at a first contact 
located at an edge on a side of the radiating element. The first line is also coupled to the 
ground plane. An electrically conductive second line is coupled to the radiating element 
at second and third contacts located along the same side as the first contact, but at 
different locations on the edge than the first contact. The first and second lines are 
adapted for a desired impedance, e.g., 50 ohms, at firequencies of operation of the PIFA. 

A more complete understanding of the specific embodiments of the present 
invention and advantages thereof may be acquired by referring to the following 
description taken in conjunction with the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 is a schematic diagram of a prior technology planar inverted F antenna 
(PIFA); 

Figure 2 is a schematic diagram of an exemplary embodiment of a planar inverted 
F antenna (PIFA), according to the present invention; 

Figures 3 A and 3B are schematic plan views of PIFA configurations having 
slightly different resonant fi-equencies of operation; 


Figure 3C is a schematic diagram of the PIFA configurations of Figures 3A and 
3B combined into one broadband PIFA configuration, according to an exemplary 

embodiment of the present invention; and 

Figure 4 shows the performance bandwidth improvement of a PIFA according to 
a specific embodiment of the present invention, in comparison to a prior art PIFA. 

Detailed Description of the Specific Embodiments 

According to an exemplary embodiment of the invention, a mono-band PIFA 
structure includes a planar radiating element having a first area, and a ground plane 
having a second area that is substantially p^allel to the radiating element first area. An 
electrically conductive first line is coupled to the radiating element at a first contact 
located at an edge on a side of the radiating element. The first line is also coupled to the 
ground plane. An electrically conductive second hne is coupled to the radiating element 
at second and third contacts located along the same side as the first contact, but at 
different locations on the edge than the first contact. The first and second lines are 
adapted for a desired impedance, e.g., 50 ohms, at fi"equencies of operation of the PIFA. 

In accordance to the present invention, connecting the second line to the radiating 
element at more than one contact location results in enhanced bandwidth for a give 
volume PIFA structure. The additional contact location(s) are within the unchanged 
volume of the PIFA, thereby resulting in a better bandwidth to volume ratio, e.g., greater 
bandwidth firom a thinner PIFA structure. 
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It is contemplated and within the scope of the invention that a pluraHty of contacts 
at different locations may be used to electrically couple a transmission Une to one or 
more edges of the radiating element area of the PIFA. In addition, the PIFA structure 
(e.g., ground plane and radiating element), according to the present mvention, is not 
restricted to any one shape, size and/or form. The ground plane and radiating element 
may be made of any type of conducting material, e.g., metal, graphite impregnated cloth, 
film having a conductive coating thereon, etc. The distance between the radiating 
element and the ground plan also need not be constant in some embodiments. The 
^ multiple contact location embodiments of the present invention may also be used 

j^j^ effectively in planar structures for push bend antenna conjSgurations without an increase 

M ... 

m fabrication costs. At least one opening in the radiating element and/or the ground 
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P plane may be used for attachment of at least one mechanical support, e.g., spacers or 

u 

support structure for the radiating element and/or ground plane. 

^ The present invention is directed to an antenna comprising: a ground plane having 

a first planar surface and a first area; a radiating element having a second planar surface 
and a second area, wherein the second planar surface of the radiating element is 
substantially coplanar with the first planar surface of the ground plane; a furst connecting 
line coupled to a first edge of the ground plane and to a second edge of the radiating 
element at a first contact location; and a second connecting line coupled to the second 
edge of the radiating element at second and third contact locations. The first area of the 
ground plane may be greater than the second area of the radiating element, or the first 
area of the ground plane area may be substantially the same as the second area of the 
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radiating element. The first contact location may be between the second and third contact 
locations. The second connecting line may be coupled to the second edge of the radiating 
element at a plurality of contact locations. The first and second connecting lines may be 
adapted for a desired impedance. The desired impedance may be about 50 ohms. The 
desired impedance may be firom about 50 ohms to about 75 ohms in some embodiments. 
The desired impedance may be fi^om about 20 ohms to about 300 ohms in other 
embodiments. The radiating element and ground plane are made of an electrically 
conductive material. The electrically conductive material may be selected fi-om the group 
consisting of copper, aluminum, stainless steel, bronze and alloys thereof, copper foil on 
a insulating substrate, aluminum foil on a insulating substrate, gold foil on a insulating 
substrate, silver plated copper, silver plated copper foil on a insulating substrate, silver 
foil on a insulating substrate and tin plated copper, graphite impregnated cloth, a graphite 
coated substrate, a copper plated substrate, a bronze plated substrate aad an aluminum 
plated substrate, according to various specific embodiments. The ground plane may be 
on one side of an insulating substrate and the radiating element may be on the other side 
of the insulating substrate. The ground plane, the insulating substrate and the radiating 
element may be flexible. The first area of the ground plane and the second area of the 
radiating element may be rectangular or non-rectangular. 

The present invention is also directed to a planar inverted F antenna comprising: a 
ground plane having a first planar surface and a first area; a radiating element having a 
second planar surface and a second area, wherein the second planar surface of the 
radiating element may be substantially coplanar with the first planar surface of the 


ground plane; a first connecting line coupled to an edge of the ground plan and to an edge 
of the radiating element; and a second connecting line coupled to the edge of the 
radiating element on either side of where the first connecting line is coupled thereto. 

The present invention is directed to a planar inverted F antenna comprising: a 
ground plane having a first planar surface, a first circumference and a first plurality of 
edges on the first circumference; a radiating element having a second planar surface, a 
second circumference and a second plurality of edges on the second circumference, the 
second plan^ surface of the radiating element being substantially coplanar with the first 
planar surface of the ground plane; a first connecting line coupled to a first edge of the 
first plurality of edges and a first edge of the second plurality of edges; and a second 
connecting line coupled to the first edge of the second plurality of edges on either side of 
the first connecting line. 

The present invention is also directed to a method for fabricating a wide 
bandwidth planar inverted F antenna, comprising the steps of: forming a ground plane on 
a first planar surface; forming a radiating element on a second planar surface, wherein the 
second planar surface is substantially coplanar with the first planm* surface; coupling a 
first connecting Une to a first edge of the ground plane and to a second edge of the 
radiating element at a first contact location; and coupling a second connecting line to the 
second edge of the radiating element at second and third contact locations. The first 
contact location may be between the second and third contact locations. The step of 


coupling may further comprise the step of coupling the second connecting line to the 
second edge of the radiating element at a plurality of contact locations. 

The present invention is also directed to a radio system having a planar inverted F 
antenna (PIFA), the radio system comprises a ground plane having a first planar surface 
and a first area; a radiating element having a second planar surface and a second area, 
wherein the second planar surface of the radiating element is substantially coplanar with 
the first planar surface of the ground plane; a first connecting hne coupled to a first edge 
of the ground plane and to a second edge of the radiating element at a first contact 
location; and a second connecting line coupled to the second edge of the radiating 
element at second and third contact locations, and first and second connecting lines are 
adapted to couple to a radio at a desired impedance. 

A technical advantage of the present invention is increased bandwidth without 
increased volume. Another technical advantage is reducing specific absorption rate by 
increasing ground plane area without increasing the volume of a PIF antenna. Another 
technical advantage is greater bandwidth resulting in an antenna that is more insensitive 
to geometrical variations causing changes in antenna properties during manufacturing. 
Another technical advantage is less critical adjustment and manufacturing tolerances 
resulting in better yields in mass production. 

The present invention may be susceptible to various modifications and altemative 
forms. Specific embodiments of the present invention are shown by way of example in 
the drawings and are described herein in detail. It should be understood, however, that 


8 


the description set forth herein of specific embodiments is not intended to limit the 
present invention to the particular forms disclosed. Rather, all modifications, 
alternatives, and equivalents falling within the spirit and scope of the invention as defined 
by the appended claims are intended to be covered. 

Referring now to the drawings, the details of an exemplary specific embodiment 
of the invention is schematically illustrated. Like elements in the drawings will be 
represented by like numbers, and snnilar elements will be represented by like numbers with 
a different lower case letter suffix. 

Figure 1 illustrates a schematic diagram of a prior technology planar inverted F 
antenna (PIFA). The prior technology PIFA is generally represented by the numeral 100. 
The PIFA 100 comprises a radiating element 102, a ground plane 104, a first connecting 
line 1 10 coupled to the radiating element 102 at contact location 108, and a second 
connecting line 1 12 coupled to the radiating element 102 at contact location 106. The 
first connecting hne 1 10 is also coupled to the ground plane 104. The connecting Hues 
110 and 112 are adapted for coupling to a radio system (not shown) through connections 
1 16 and 1 14 respectively. The connections 1 14 and 1 16, generally, are adapted for a 
desired impedance, e.g., 50 ohms, at frequencies of operation of the PIFA. The 
connection 1 14 is generally the "hot" connection and the connection 1 16 is generally the 
ground connection. 

Referring to Figure 2, depicted is a schematic diagram of an exemplary 
embodiment of a planar inverted F antenna (PIFA), according to the present invention. 


This specific exemplary embodiment of a PIFA is generally represented by the 
numeral 200. The PIFA 200 comprises a radiating element 202, a groimd plane 204, a 
first connecting line 210 coupled to the radiating element 202 at contact location 208, and 
a second connecting line 212 coupled to a third connecting Une 220 coupled to the 
radiating element 202 at contact locations 206 and 218. The first connecting hne 210 is 
also coupled to the ground plane 204. The connecting lines 210 and 212 are adapted to 
be coupled to a radio system (not shown) through connections 116 and 1 14 respectively. 
The connections 1 14 and 116, generally, are adapted for a desired impedance, e.g., 20 
ohms, 50 ohms, 75 ohms, or fi-om about 20 to 300 ohms at firequencies of operation of the 
PIFA 200. The coimection 1 14 is generally the "hot" connection, dnd the connection 1 16 
is generally the ground connection. According to the invention, coupling to the radiating 
element 202 at multiple contact locations (206, 218) increases the bandwidth of the PIFA 
200. 

Increased bandwidth allows the radiating element 202 and ground plane 204 to be 
closer together (thinner), thus requiring less volume for the PIFA 200. It is contemplated 
and within the scope of the present invention that coupling to the radiating element 202 at 
more than two contact locations may be utihzed for increased bandwidth of the PIFA 
200, according to the present invention. 

The ground plane 204 and/or the radiating element 202 may have an opening(s), 
e.g., holes or cutouts, therein for reduction of weight and/or attachment of mechanical 
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support(s), e.g., dielectric insulating supports (not illustrated) holding the ground plane 
204 and/or the radiating element 202. 

The present invention is not restricted to any one shape, size md/or form. The 
ground plane 204 and radiating element 202 may be made of any type of conducting 
material, e.g., metal, metal alloys, graphite impregnated cloth, film having a conductive 
coating thereon, etc. The distance between the radiating element 202 and the ground 
plane 204 need not be constant. The multiple contact location embodiments of the 
jjj present invention may also be used effectively in planar structures for push bend antenna 

j]| configurations without an increase in fabrication costs. 

N. 
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M Referring to Figures 3 A and 3B, depicted are schematic plan views of PIFA 

iti configurations having resonance at slightly different firequencies. The PIFA illustrated in 
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Figure 3A may have resonance at a first firequency and the PIFA illustrated in Figure 3B 

1^ may have resonance at a second frequency. The first and second resonance frequencies 

pi 

' ' are shghtly different. For example, the fu:st firequency may be at about 1900 MHz and 

the second firequency may be at about 2100 MHz (PCS telephone). The radiating 
element 302A of the PIFA of Figure 3A is the same as the radiating element 302B of the 
PIFA of Figure 3B. The difference in resonance fi-equencies between these two PIFAs is 
due to the contact locations 306 and 318 being at different places on the radiating 
elements 302A and 302B, respectively. 

Referring now to Figure 3C, depicted is a schematic diagram of the PIFA 
configurations of Figures 3A and 3B combined into one broadband PIFA configuration. 


11 


When the two PIFA structures of Figures 3A and 3B axe thereby combined, the 
bandwidth of the combination PIFA is increased without requiring separate radiating 
elements 302. A single set of connecting lines 3 10 and 3 12 may be used, wherein the 
connecting line 312 is coupled through connecting line 320 to the radiating element 302 
at contact locations 306 and 318. The ground connecting line 310 remains as a common 
in the new PIFA structure. The combination of different contact locations (306, 318) on 
the radiating element 302 results in a multiple resonance, closely coupled, "stagger 
tuned" PIFA structure, whereby the resulting PIFA structure has wider bandwidth and is 
less critical to manufacture and utiUze in a radio system, e.g., PCS. 

Figure 4 shows the performance bandwidth improvement of a PIFA according to 
a specific embodiment of the present invention, in comparison to a prior art PIFA. This 
figure shows the performance improvement of the present improved PIFA structure with 
three feeding points over the conventional PIFA for (as merely an example) the PCS 
application which has a 140 MHz bandwidth requirement (1850-1990 MHz). Figure 4 
shows the magnitude of the input power reflection coefficient Sn of the two antennas 
over fi-equency. As seen by the dotted line, the fi-equency bandwidth of the standard 
PIFA which has a bandwidth of 141.8 MHz and the solid line shows the frequency 
bandwidth of the three-contact PIFA according to a specific embodiment of the present 
invention which has a bandwidth of 198.4 MHz. This illustrates that the performance 
improvement is about 58 MHz for a specific embodiment of the invention (assuming a 
bandwidth determination at -lOdB). 
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The present invention has been described in terms of specific exemplary 
embodiments. In accordmice with the present invention, the parameters for a system may 
be varied, typically with a design engineer specifying and selecting them for the desired 
apphcation. Further, it is contemplated that other embodiments, which may be devised 
readily by persons of ordinary skill in the art based on the teachings set forth herein, may 
be within the scope of the invention, which is defined by the appended clahns. The 
present invention may be modified and practiced in different but equivalent mmners that 
will be apparent to those skilled in the art and having the benefit of the teachings set forth 
herein. 


13 


